P atellar fractures are relatively rare, with the literature reporting their prevalence at 0.7% to 1% of all fractures. [1] [2] [3] The incidence of patellar fractures has only been reported in a small number of studies. 1, 4, 5 A 1-year study of a defined adult population in Scotland in 2010-2011 reported an overall incidence of 9.5/100,000/year. 1 Average age was 65 years, and 55% of all fractures occurred in patients aged 65 years or older. The male/ female sex ratio was 41/59. The literature lacks large-scale, upto-date, population-based epidemiology studies including both children and adults over periods of several years. Most studies have concentrated solely on adult epidemiology. 1, 5 Unfortunately, previous epidemiological studies on patellar fractures have lacked information about fracture classification and the mode of injury. To the current authors' knowledge, the changing incidence, mode of injury, and fracture type has not been previously studied in a defined population of patellar fractures. A study from Malmö, Sweden, showed a changing incidence of patellar fractures between 1950 to 1955 and 1980 to 1983, 6 and other studies have shown that the incidence of other lower limb fractures has changed over time. 5, [7] [8] [9] The purpose of the current study was to provide up-to-date information concerning the incidence of patellar fractures in a large and complete population spanning
The literature lacks large-scale, up-to-date, population-based epidemiology studies on the incidence of patellar fractures based on complete populations. The purpose of this study was to provide up-to-date information concerning the incidence of patellar fractures in a large and complete population spanning a decade and to report on the distribution of fracture classification, trauma mechanisms, and patient baseline demographics. A retrospective review of clinical and radiological records of 756 patellar fractures treated between 2005 and 2014 was conducted. Mean age at the time of fracture was 54±21 years. Mean age was 46±22 years for males and 61±18 years for females. The sex distribution was 425 (56%) females and 331 (44%) males. The incidence of patellar fractures between 2005 and 2014 was 13.1/100,000/ year with a year-to-year variation between 10.5 and 16.5/100,000/year during the 10-year observation period. The distribution of incidence shows an increase with increasing age. Males have the highest incidence of fracture in the 10-to-19-year age group, approximately 15.4/100,000/year. Females in the 60-to-80-year age group have the highest incidence, approximately 36/100,000/year. AO type 34-C3 was the most common fracture type, representing 25% of all patellar fractures, followed by AO type 34-C1, representing 23%. [Orthopedics. 2016; 39(6):e1154-e1158.] abstract a decade and to report on the distribution of fracture classification, trauma mechanisms, and patient baseline demographics.
Materials and Methods
An epidemiological study of patellar fractures was performed over the 10-year period between 2005 and 2014 at Aalborg University Hospital, Denmark. The study was undertaken in a defined area of northern Denmark, with an average population of 579,119. The year-to-year population was defined as the number of persons in the specified age groups on the first of January of each year of the study period. The average age-related distribution of the population is shown in Figure  1 .
The region is served by Aalborg University Hospital, which is a Level I trauma center, and 6 smaller hospitals. All hospitals were included in this study. Denmark provides a unique opportunity to conduct population-based studies. Danish law requires that all patient contacts with hospital and clinics in Denmark are registered in the Danish National Patient Register (DNPR). 10 A Civil Registration Number is given to all residents of Denmark and registered in the Civil Registration System. Hospital identification, date and time of activity, and the patient's municipality (among other characteristics) are registered. 11 This system provides researchers with a complete registry of all health-related issues on an individual-and population-based level.
A retrospective review of all patients diagnosed with a patellar fracture during the study period were identified in the DNPR, 10 and a review was performed of the medical and radiology records of all patients. Patients with periprosthetic patellar fractures were excluded.
Clinical information about patient age, sex, and mode of injury was obtained. The mode of injury was defined as a fall from above 3 m, a fall from a height greater than 1 m but less than 3 m, a standing fall, a road traffic accident (RTA), a sports injury, or a direct blow. All fractures were classified according to the AO classification 12 following review of radiographs and computed tomography (CT) scans, where available.
This study was conducted in accordance with the ethical standards of the responsible committee and with the ethical principles of the 1975 Declaration of Helsinki. The study was approved by the Danish Data Protection Agency (J. no. 2010-41-4354).
Statistical Analysis
Mean values and SDs are given for continuous variables. Frequencies and percentages are used for categorical data. Normal distribution was checked visually by Q-Q plots. Statistical analysis was performed using Stata version 12 software (Statacorp, College Station, Texas).
results
A total of 756 patellar fractures occurred in 756 patients between 2005 and 2014. Mean patient age was 54±21 years. There were 425 (56%) females with an average age of 61±18 years and 331 (44%) males with an average age of 46±22 years.
The overall incidence of patellar fractures between 2005 and 2014 was 13.1/100,000/year. Further analysis showed an increasing incidence of patellar fractures with increasing age, with the highest incidence being in the 80-to-89-year age group, where it was 28.6/100,000/year (Figure 2A) .
The overall incidences for males and females were 11.4/100,000/year and 14.7/100,000/year, respectively; however, the age distribution curves were different (Figure 2A ). In males, the incidence was 15.4/100,000/year in the 10-to-19-year age group. This then fell slightly but increased with increasing age. In females older than 50 years, the incidence of patellar fractures was higher than in males, rising to 36.0/100,000/year in 60-to 80-year-old females (Figure 2A) .
The distribution of incidence between 2005 and 2014 shows a variation between approximately 10.5 and 16.5/100,000/ year, with a large year-to-year variation ( Figure 2B) .
The 2 most common fracture types are the 34-C3 complete articular multifragmentary fracture and the 34-C1 transverse fracture. Type 34-A1 extra-articular fractures and 34-B1 partial articular fractures are less common ( Table 1) .
Type A extra-articular fractures are rare but increase in incidence after age 80 years. Type B partial articular fractures have a similar incidence in all age groups, and type C complete articular fractures increase in incidence after approximately 40 years of age, rising to a peak incidence in the 70-to-79-year age group, where the incidence is 21.0/100,000/year ( Figure 2C ).
H i g h -e n e r g y falls (from heights and RTAs) accounted for 23% of patellar fractures in males but only 7% in females. The average age of males and females with high-energy fractures was 41 and 56 years, respectively. Low-energy injuries were more common in females (93%), with 87% of all female low-energy injuries resulting from a fall from a standing height. In males, sports injuries accounted for 14% of all lowenergy patellar fractures. The average age of males and females with low-energy injuries was 57 and 62 years, respectively ( Table 2) .
discussion
There is little information about the incidence of patellar fractures in large populations in the modern literature. In the current study, patellar fractures occurred at a rate of 13.1/100,000/year between 2005 and 2014. Court-Brown and Caesar 5 reported an incidence of 10.7/100,000/year in adults and adolescents 12 years or older in Edinburgh, Scotland, in 2000. When children younger than 12 years were added to the sample, the overall incidence was 9.5/100,000/year, with 8.8/100,000/ year in males and 10.2/100,000/year in females (unpublished data).
An earlier study by Bengnér et al 6 examined the incidence of patellar fractures between 1950 and 1955 and 1980 and 1983 in Malmö, Sweden. Their estimated population increased by 21% between these periods, but the prevalence of male patellar fractures increased by only 8%, whereas female patellar fractures increased by 141%. Further analysis shows that in 1950 to 1955, 41% of female patellar fractures occurred in patients aged 55 years or older, whereas the equivalent figure in 1980 to 1983 was 75%. In males, the equivalent figures were 30% and 43%. 6 Similar results were found in a study comparing fractures in patients older than 35 years in 1954 to 1958 and 2010 to 2011 in eastern Scotland. 13 The overall incidence of patellar fractures between these periods rose by 40%; however, it declined by 15% in males, whereas in females, it rose by 128%. 13 The differences in both studies were related to altered work practice and safety legislation, altered social conditions, and improved health and longevity. Bengnér et al 6 argued that patellar fractures in females should be regarded as fragility (osteoporotic) fractures, a point of view that is supported by a large increase in patellar fractures in older females in the current study.
The current study's results show an annual variation between 10.5 and 16.5/100,000/year in the incidence of pa- However, patellar fractures are relatively uncommon, and even a small difference in numbers on a year-to-year basis would account for the difference in incidence, making it difficult to address the issue of an increase or decline in incidence on the basis of information gathered in a single year or over a few years. However, it is possible that the incidence of patellar fractures, like some other fragility fractures, is plateauing or even beginning to decline. 1 The main difference between the Edinburgh study and the current study is a relatively large difference in incidence in the adolescents, which, in the current study, is reported to be 15.4/100.000/year, compared with 10.5/100.000/year in the Edinburgh study. 1 The difference may simply represent a spurious finding, but a review of the mode of injury in males aged 10 to 19 years in the 2 studies shows considerable differences. The 2 principal causes of patellar fractures in 10-to 19-year-old males in the current study were RTAs (40%) and sports injuries (27%). There was 1 fracture following a cycling accident. In the Edinburgh study, 25% of the fractures were from sports injuries, but no fractures were caused by RTAs. 1 The reason for this is not clear. The area of Denmark examined in the current study is more rural than Edinburgh, and this is a possible factor. There is some evidence that the incidence of fractures differs between urban and rural areas; however, the literature mainly concerns proximal femoral fractures, 14 and further studies are required to examine any differences in younger patients.
Despite this difference in young males, it is clear that patellar fractures should be regarded as fragility fractures because of their high incidence in older females. The other interesting comparison with the work of Bengnér et al 6 is that the type of patellar fracture is clearly associated with increasing age. Bengnér et al 6 noted that comminuted fractures were more commonly seen in the 1980s than in the 1950s, and Figure 2C shows that AO type C complete fractures are mainly seen in postmenopausal women. Figure 2C also suggests that AO type A extra-articular fractures occur in the very elderly, suggesting that they may become more common in the future.
A strength of the current study is the accurate population size used in the calculation of incidence. A further strength is the inclusion of all age groups and both inpatients and outpatients. A limitation of the current study may be the use of data from the DNPR, implying that data quality is defined and controlled by the register and not by the researcher. Coding in the DNPR is required by law in Denmark, and allocation of payment to health providers is partly based on coding in the DNPR. In general, the DNPR is widely accepted as one of the world's most valid health registries, including a high degree of completeness with data on health services on an individual basis with several decades of follow-up. 15 
conclusion
This study shows that patellar fractures have an incidence of 13/100,000/year, with a year-to-year variation between 10.5 and 16.5/100,000/year during the 10-year observation period. The distribution of incidence shows an increase with increasing age. Males have the highest incidence of fracture in the 10-to-19-year age group, approximately 15.4/100,000/year. Females have the highest incidence in the 60-to-80-year age group, approximately 36/100,000/year. AO type 34-C3 was the most common fracture type, representing 25% of all patellar fractures, followed by AO type 34-C1, representing 23%.
There seems no doubt that many patellar fractures should be regarded as fragility fractures, which have markedly increased in incidence since the 1950s and will probably continue to do so. It is likely that, with an aging population, we will see more intra-articular patellar fractures.
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